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INTRODUCTION  
 
Construction field is a field that is wider than the other fields. The construction is becoming 
increasingly rapidly to meet the growing population. In the field of construction, concrete is an 
essential element to construct a building. Production of concrete leads to a reduction in natural 
resources as materials used in producing a concrete. For example of fine aggregate and cement. 
Furthermore, this problem gets attention from some parties in finding an alternative to reduce 
waste and maintained the natural resources to produce concrete using waste materials. Therefore, 
waste materials will be used in the concrete mix to reduce landfill and can reduce residual waste.  
Glass has high potential to be replaced as a cement-pozzolan [1]. Glass can be used in 
concrete as three kinds of elements include coarse aggregate, fine aggregate, and powder. Thus, 
the aim of this project is to replace glass as the replacement of cement and fine aggregate in 
concrete. In significant of this study, the issues regarding environmental can be reduced. 
Moreover, recycling waste will help to conserve the earth's natural resources, reduce landfill 
space and save energy and money [2]. Thus, this study will give an advantage to the various 
parties, particularly in the field of construction. 
 
LITERATURE REVIEW 
 
The chemical content that contained in the glass is the same as on the chemical content of fine 
aggregate and cement. Awareness in using glass to replace earth’s natural resources such as fine 
aggregate and cement has increased where the arrangement of the glass can affect the 
compressive strength of the concrete. 
 This study emphasizes on the properties of glass and chemical composition that allows 
the glass to act as a substitute for cement and fine aggregate. The glass is transparent, not easily 
absorb water, easily broken and hard and heat resistant. Glass also effective as an insulator as can 
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be seen in Figure 1. In addition, glass is also resistant to chemical attack except for hydrogen 
fluoride and because of that glass used for laboratory equipment [3]. 
 
 
Fig. 1. Glass 
 
The main component content in the glass is silica where glass has the high silica content in 
between 72% to 73% [4]. Meanwhile, as stated by [5], silica content in Portland cement is 
20.8%. Moreover, fine aggregate also contains silica (silicon dioxide, or SiO2). Therefore, there 
is a huge potential to use glass as waste materials in concrete since both cement and fine 
aggregate have silica content as well as the glass. Table 1 shows the chemical composition 
contained between glass, fine aggregate and cement. 
 
TABLE 1: CHEMICAL COMPOSITION OF GLASS 
 
Composition, % 
Clear 
Glass 
Brown 
Glass 
Green 
Glass 
Sand 
Portland 
Cement 
SiO2 72.42 72.21 72.38 78.6 20.8 
Al2O3 1.44 1.37 1.49 2.55 4.6 
Fe2O3 0.07 0.26 0.29 2.47 2.8 
CaO 11.50 11.57 11.26 7.11 65.4 
MgO 0.32 0.46 0.54 0.46 1.3 
SO3 0.21 0.10 0.07 - 2.2 
Na2O 13.64 13.75 13.52 0.42 0.31 
K2O 0.35 0.20 0.27 0.64 0.44 
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TiO2 0.035 0.041 0.04 0.15 - 
Cr2O3 0.002 0.026 0.130 - - 
 
Based on the previous studies, it is proved that glass had a positive effect on the compressive 
strength of the concrete as shown in Table 2. 
 
 TABLE 2: PREVIOUS STUDIES ON GLASS 
References Description 
[1] 
The optimum percentage of cement 
replacement glass is at 10% (30.5 MPa) 
and 20% (29.2 MPa) at day 90. 
[6] 
The optimum percentage of cement 
replacement glass is at 40% with a 
compressive strength of 33.7 MPa at day 
28. 
[7] 
The percentage of glass replacing fine 
aggregate in excess of 20% is no longer 
significant. 
[8] 
The optimum percentage of fine 
aggregate replacement glass is at 10% 
with a compressive strength of 31.33 
MPa at day 28. 
 
METHODOLOGY 
There are 42 samples prepared in accordance with the design of the mixing (DOE Method) as 
shown in Table 3 and Table 4. Cube size used is 150mm x 150mm x 150mm. Samples of normal 
concrete are to compare with samples that using glass. There are 6 samples are prepared for 
normal concrete, 18 samples using glass replacing fine aggregate and another 18 samples for the 
glass replacing cement. Water cement ratio used in the concrete mix is 0.5. The curing process is 
carried out for 7 and 28 days. 
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TABLE 3: WEIGHT MIXTURE OF FOUR(4) SERIES CONCRETE CONTAINING DIFFERENT CONTENT OF 
GLASS REPLACING FINE AGGREGATE 
 
Samples 
Percentage 
of glass 
replacing 
fine 
aggregate 
(%) 
Weight 
of fine 
aggregate 
(kg) 
Weight 
of 
glass 
(kg) 
Weight 
of coarse 
aggregate 
(kg) 
Weight 
of 
cement 
(kg) 
1 
(normal 
concrete) 
0 15.84 0 33.68 9.76 
2 5 15.05 0.79 33.68 9.76 
3 10 14.26 1.58 33.68 9.76 
4 15 13.46 2.38 33.68 9.76 
 
 
TABLE 4: WEIGHT MIXTURE OF NORMAL CONCRETE MIX AND GLASS AS A REPLACEMENT OF 
FOR 3 SAMPLES 
 
Samples 
Percentage 
of glass 
replacing 
cement 
(%) 
Weight 
of fine 
aggregate 
(kg) 
Weight 
of 
glass 
(kg) 
Weight 
of coarse 
aggregate 
(kg) 
Weight 
of 
cement 
(kg) 
1 5 15.84 0.49 33.68 9.27 
2 10 15.84 0.97 33.68 8.78 
3 15 15.84 1.46 33.68 8.30 
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Figure 2 shows materials used in the concrete mix. It consists of glass, cement, fine aggregate, 
coarse aggregate and water. 
 
 
Fig. 2. Materials used for the present study 
 
Slump test is to determine the workability of concrete. Concrete mix must be in a true slump. 
Based on the DOE Method, a normal slump for the concrete mix is between 30 to 60 mm. Figure 
3 shows the slump tests carried out.  
 
 
Fig. 3. Slump test 
 
On days 7 and 28, compression tests conducted on normal concrete and concrete with glass as 
substitute materials for the fine aggregate and cement. Based on Figure 4, showed the procedure 
of compressive strength test. 
 
 
 
 
 
Concrete Materials. Series 1 2017 
ISBN 978-967-0764-84-9 
77 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Process of compression test 
 
 
RESULTS AND DISCUSSIONS 
 
Compression test is carried out to obtain the optimum percentage, the compressive strength of 
7 and 28 days and to make comparisons between normal concrete and concrete containing glass 
as replacement of cement and fine aggregate. Table 5 and Table 6 show the results compressive 
strength at day 7 and 28 days for all specimens that have been prepared. 
 
 
 
 
 
 
 
 
Cube was removed from the curing 
tank  
Cube is placed into compression 
testing machine 
 
The load imposed on the cube until 
the cube fail 
Cubes that have been tested 
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TABLE 5: THE COMPRESSIVE STRENGTH OF CONCRETE COMPOSED OF GLASS 
REPLACING FINE AGGREGATE AT 7 AND 28 DAY 
Percentage 
of Glass 
(%) 
Compressive Strength 
(MPa) 
7 Days 28 Days 
0 19.6 30.4 
5 28.0 42.2 
10 25.0 39.1 
15 24.8 34.4 
 
TABLE 6: THE COMPRESSIVE STRENGTH CONCRETE COMPOSED OF GLASS 
REPLACING CEMENT AT AT 7 AND 28 DAY 
Percentage 
of Glass 
(%) 
Compressive Strength 
(MPa) 
7 Days 28 Days 
0 19.6 30.4 
5 32.5 42.8 
10 25.6 34.0 
15 24.4 31.8 
 
 
 Figure 5 shows compressive strength of concrete at 7 and 28 days as a percentage of glass 
replaced fine aggregate and cement. At days 7, the higher compressive strength of concrete for 
glass replaced fine aggregate and cement is at 5%, which is 40.3 MPa and 32.5 MPa while the 
lowest percentage of glass replaced fine aggregate and cement is at 15% respectively to 24.8 
MPa and 24.4 MPa. For the days 28, the higher compressive strength of concrete for glass 
replaced fine aggregate and cement is at 5%, which is 42.2 MPa and 42.8 MPa compressive 
strength while the lowest percentage of glass replaced fine aggregate and cement is at 15% 
respectively to 34.4 MPa and 31.8 MPa. 
 Overall, all the percentages have higher compressive strength than minimum strength 
which predetermined. Concrete has reached a stage of maturity at day 28 where the compression 
strength is 100% from grade 25 which is 25 MPa. The optimum percentage of glass as a 
substitute material for fine aggregate and cement is at 5% which are 42.2 MPa and 42.8 MPa. 
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However, as stated by [1,8], the optimum percentage of glass that has the potential to substitute 
fine aggregate and cement is at 10% is due to the type of glass used in contrast to previous 
studies as well as a number of different samples. The higher the percentage of glass, the lower 
the compressive strength. Decreasing in the compressive strength of concrete shows that the 
glass has less strength than the original fine aggregate and cement used in the concrete mix due 
to the bond between the glass and concrete are reduced or weak. 
 
 
Fig. 5. Compressive strength at 7 and 28 days of concrete composed of glass replacing fine 
aggregate and cement 
 
Based on Table 7 shows a comparison between normal concrete and concrete using glass as a 
substitute materials for the fine aggregate and cement both with the percentage of 5%, 10%, and 
15%. The highest compressive strength of glass replaced fine aggregate and cement is the 
percentage of 5% and the lowest percentage is at 15% of the concrete age of 7 days. While for 
concrete at 28 days, the highest percentage is still in the percentage of 5% for glass replaced fine 
aggregate and cement followed by the lowest percentage is 15%. Thus, the glass can act as a 
binder only at 5% because at this percentage of glass has maximum compressive strength. 
Overall, the compressive strength of concrete using glass as a substitute material to the fine 
aggregate and cement higher than normal concrete strength. 
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TABLE 7: COMPARISON BETWEEN NORMAL CONCRETE AND CONCRETE USING 
GLASS REPLACED FINE AGGREGATE AT DAY 7 AND 28 
Glass 
(%) 
Compressive 
Strength 
(MPa), 7 
Days 
Decrease / 
Increase in 
Percentage 
of 
Compressive 
Strength (%) 
Compressive 
Strength 
(MPa), 28 
Days 
Decrease / 
Increase in 
Percentage 
of 
Compressive 
Strength (%) 
0 19.6 0 30.4 0 
5 28 42.86 42.2 38..82 
10 25 27.55 39.1 28.61 
15 24.8 26.53 34.4 13.16 
 
 
CONCLUSIONS 
Through the studies, the results showed that the glass can be used as a substitute for a fine 
aggregate and cement in concrete mix. It is proven that the optimum percentage of 5% glass 
replacement from fine aggregate and cement, the compressive strength at the ages 7 and 28 days 
showed that the higher percentage of replacement may reduce the concrete strength. Other than 
that, the compressive strength of 5%, 10%, and 15% glass as a substitution of fine aggregate and 
cement achieve higher strength than normal concrete. 
In the future, research can be continued using the optimum percentage of glass to replace 
fine aggregate and cement into the same concrete mix and maintain the water-cement ratio. Also, 
there is a need to further the studies on the optimum percentage of glass replace fine aggregate 
and cement with different water-cement ratio. Another recommendation that can be done is by 
replacing the coarse aggregate in the concrete mix with glass. 
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